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STEPHEN E. MALAWISTA and HIDEMI SATO. From the Department of Internal Medicine, Yale
University School of Medicine, New Haven, Connecticut, and the Department of Biology, University of
Pennsylvania, Philadelphia .
The high degree of ultrastructural organization of
microtubular crystals (1, 2) produced in mamma-
lian cells by incubation with Vinca alkaloids, sug-
gested that these crystals would be birefringent in
polarized light. We now report the induction by
vinblastine sulfate (VBL) of birefringent crystals in
unfertilized oocytes of the starfish Pisaster ochrace-
ous.
Mature ovaries were removed, placed in filtered
sea water at 1 1 ° to 13 °C, and induced to spawn by
application of an a ueous extract of starfish radial
nerve (3). Oocytes obtained in this manner de-
veloped from germinal vesicles to the metaphase
spindle of meiosis I, which persisted for about an
hour. Most of the oocytes then went on to form
polar bodies, at which time further development
was arrested; a few continued to develop partheno-
genetically for many divisions, presumably acti-
vated by the radial nerve extract ; all eventually
degenerated. In polarized light with rectified,
strain-free optics, the mitotic spindle is the ma or
birefringent structure found in these oocytes .
All 11° to 13°C, on addition of VBL (1 to 2 X
10-5 M), the mitotic spindle diminished in size and
birefringence and disappeared within about 10
min, as we have noted previously in oocytes of the
marine polychaete Pectinaria gouldi (4). Within a
few hours at higher concentrations of VBL (2 to
10 X 10 M), small birefringent spots appeared
and gradually grew into s uare or rectangular
crystals that were never seen in control cells . The
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largest crystals were s uare (side up to 17,u; Fig. 1)
and flat (thickness about one-half either side) . The
estimated coefficient of birefringence (retardation/
thickness) of the crystals is about 3 x 10-3 (cf. the
coefficient of birefringence of the mitotic spindle,
calculated by Sato at 0 .5 to 0.7 x 10-3). The
crystals appeared to be uniaxial; they disappeared
when their initial axes were positioned parallel to
the polarizer or analyzer (Fig. 2). The difference in
refractive index of the crystals and of the ambient
cytoplasm was not sufficient for the crystals to be
seen by phase microscopy.
The number of crystals per cell varied from none
to over 50 within and among experiments . To give
one example, at 1 I °C after about 7 hr of VBL at
1 X 10-4 M, 38  of 50 consecutive cells had no
visible crystals, 8 o had one, 40  had 2 to 9, and
14  had 10 or more. In general, in cells containing
large numbers of crystals, the crystals were small
(Fig. 3, a and b) .
Within a certain range, crystal growth was a
function of the concentration of VBL and the time
of incubation. With VBL at 2 X 10 M, tiny bire-
fringent spots did not appear until between 11 and
24 hr, whereas with VBL at 1 X 10-4 M, crystals
with sides up to 10 s in length were present in less
than 7 hr. An intermediate concentration of VBL
(5 X 10_5
M) was useful in showing that small
crystals continued to grow even when placed at
4°C overnight. In two experiments many crystals
remained 11 hr and 18  z hr, respectively, after theeggs had been washed three times in filtered sea
water without VBL.
The regular induction of birefringent crystals
seen in VBL-treated oocytes did not occur in five
experiments with vincristine sulfate (VCR), 1 to
10 X 10-4 M, in which we periodically examined
the oocytes for up to 1-3 days, always with other
groups of cells that received VBL or no drug . (In
one experiment, tiny birefringent flakes were seen
in a few cells at 8 hr but not at 24 hr .) Despite the
lack of crystals, the anti-mitotic effect of the VCR
was clear from the observation that VCR-treated
cells, like VBL-treated cells, did not continue to de-
velop, as control cells did (Fig. 3), and took many
more hours to degenerate than did control cells .
The same evidence of mitotic arrest, and failure to
develop birefringent crystals after as long as 28 hrs,
was seen after griseofulvin, I X 10-4 M (in N,N-
dimethylformamide, 0.51/   0, Colcemid, I X 10-4
M, or colchicine, I X 10-3 ms.
We assume for the present that the birefringent
FIGURE 1 Induction of crystals by
VBL . The cells were incubated with
VBL, 1 X 10-4M, at 11°C for 27 hr,
and photographed in polarized light .
a, There is one large crystal and
several smaller ones; b, same egg as
a, reverse compensation.
crystals induced by VBL in these living oocytes are
similar to the microtubular crystals seen in fixed
specimens of VBL-treated mammalian cells (1, 2) .
Preliminary studies of ultrastructure, and of radio-
autography of cells treated with tritiated VBL,
support this assumption (5). Polarized light would
then be a useful tool for following the growth of
such crystals in living cells. Isolation of these crys-
tals might provide a rather pure source of micro-
tubular protein.
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FIGURE 2 Optical properties of the
birefringent crystals. Three views of a
cell incubated with VBL, 1 X 10-4M,
at 11°C for 20 hr, and photographed
in polarized light . P indicates the
vibrating direction of polarized
light; A, the direction of the analyzer .
a, Two crystals (arrows) are posi-
tioned f 45° to P, with their initial
axes at 90° to each other. b, The
stage has been rotated 45 ° so that the
two crystals marked in a now each
has its initial axis either parallel or
perpendicular to P ; therefore, the
birefringence of the two crystals is
extinguished. c, The stage has been
rotated an additional 45° in the same
direction. The two marked crystals
have reappeared in reverse contrast.FIGURE 3 Comparative effects of VBL, no drug, and VCR . The cells were incubated for 27 hr at 11 °C
with and without drug, and photographed in polarized light . The eggs are slightly compressed . a, VBL,
1 X 10-4 m. There are three medium-sized crystals and many small ones. b, Same egg as a, reverse com-
pensation. c, No drug. Eggs are developing parthenogenetically . d, VCR, 1 X 10-1M. No crystals, no
development.
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